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2Earth and Sun
Every day the sun rises and sets, planets and stars follow their 
paths across the sky. Everything seems to turn around us, 
inhabitants of the immobile earth and centre of the world.
Some brilliant minds of the 16th and 17th centuries questioned this 
view of the Universe which had generally been accepted since 
Antiquity. To explain the movement of the stars, these scholars 
positioned the earth as a simple planet with the sun in the centre. 
Two conflicting views were therefore present: the geocentric 
model based on what can be seen from the earth, and the 
heliocentric model which harmoniously integrates all astronomical 
observations. 
Your visit to our exhibition is organised around this fracture, 
characterised by Galileo’s thought. 
1st part
The universe of common sense
The earth, fixed and stationary, circled by the planets and stars. 
This was the vision of the world held by the majority of scholars 
and astronomers until the Renaissance. A geocentric universe 
founded on common sense. Lift your head: what do you see? The 
sun pursuing its daily path: rising in the east, reaching its zenith at 
midday and setting in the west. During the night, the moon then 
the stars appear to pursue their journeys in the sky. Following 
Babylonian astronomers, Greek scholars set out to explain the 
organisation of the universe and how it functions with the help of 
geometry and maths. In describing the world around them, they 
invented astronomical instruments such as the armillary sphere 
and astrolabe which were later improved by the Arabs before 
arriving in the West during the Middle Ages.
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3Interactive displays :
- The apparent movement of the Sun
- The universe, a series of nested spheres
- Armillary sphere
- Astrolabe
4From Geocentrism to heliocentrism :     
a scholars’ journey 
Think the world and then fit it into an explanatory geometrical 
model. Many theoreticians have set themselves this task since 
Antiquity. Greek philosophers starting from Babylonian data 
and observations in particular, produced various models. Those 
of Aristotle and Ptolemy gradually became the norm until the 
Renaissance. The ideas and observations of 16th century scholars 
such as Copernicus, and of the 17th century such as Brahe, Kepler, 
Galileo and Newton, contributed other theories. Gradually, 
geocentrism gave way to heliocentrism.
Synthesis and comparison of the two models
Ptolemy’s circles
Ptolemy
Born: about 90AD at Thébaïde in Upper 
Egypt, probably into a Greek family but a 
Roman citizen.
Scholarly interests: astronomer, geographer, 
geometrician and mathematician. Lived in 
Alexandria between 127 and 141
Major works: Almagest, Geography
Died: 168 at Canope, Egypt
In the 2nd century AD, Ptolemy 
modernised and updated Aristotle’s 
geocentric vision of the universe. In trying 
to maintain the circular and uniform 
motion of celestial bodies, he broke 
down the paths of the planets geometrically into multiple combinations of 
circles. The planets were no longer embedded in the crystal spheres but 
move freely inside them.
On this basis, Ptolemy established the first relatively accurate and reliable 
astronomical tables. He described his model in the famous work The 
Great Treatise on mathematics and astronomy. Translated from Arabic to 
Latin during the Middle Ages, the work now known as Almagest following 
the phonetic transcription of its title from Greek by the Arabs, remained 
the key astronomical reference until the 16th century. 
Nicolaus Copernicus, the sun at the centre
Nicolaus Copernicus
Born: 1473 at Torun, Poland, into a family of 
merchants; a prince-bishop uncle
Studies: University of Krakow (medicine, law) 
then Bologna (law, medicine, philosophy). 
Professional life: medicine at Heidelberg; 
assistant to his uncle in the diocese of 
Frombork in Poland; canon at Frombork.
Major work: De Revolutionibus (1543)
Died: 1543 at Frombork, Poland.
In 1543, the year of his death, Nicolaus 
Copernicus published De Revolutionibus 
orbium, in which he presented his new 
heliocentric theory of the world. His propositions were, amongst others, 
that:
- The earth is not the centre of the world but only of the lunar orbit.
- The earth is not motionless. It has three movements: rotation around the  
sun; rotation around itself; and precession. 
- Earth, like the other planets, follows circular orbits around the sun which 
is close to the centre of the world. The speed of the planets movement 
along their orbits depends of their distance from the sun. 
- Retrogradation of the planets is explained by the movement of the earth 
and the other planets on their orbits around the sun. 
Copernicus retained the uniform movement and circular trajectories dear 
to the Greeks, as well as the geometrical artifices of the eccentric anomaly 
and the deferent. In order to better describe the movement of the planets, 
he had to make the earth turn around a centre which was slightly offset 
in relation to the sun. This centre turns around another circle which, itself, 
orbits around the sun. 
5Tycho Brahe, the genial observer
Tycho Brahe
Born: 1546 at Knudstrup, Scania then a Danish 
province to a protestant family from the upper 
nobility. He was brought up by an uncle.
Studies: Universities of Copenhagen then 
Leipzig, Wittenberg, Rostock and Augsburg.
Professional life: founder and director of 
an astronomical observatory in Denmark; 
imperial mathematician and astronomer at the 
Prague court of the Emperor Rodolphe II.
Major work: De Nova Stella (1573), Astronomiæ 
Instauratæ Mechanica (1598)
Died: 1601 in Prague
Anecdote: wore a false nose (in copper, silver 
or gold) following a duel with a cousin in 1566 
during which he lost the original. 
Returning to the kingdom of Denmark after his studies, Tycho Brahe 
was offered an island off Copenhagen by the king on which to build an 
astronomical observatory. Uraniborg was the most important observatory 
in Europe for over twenty years. Brahe set out to improve the reliability of 
astronomical tables and he spent his time in meticulous observation of the 
skies. He reviewed Ptolemy’s catalogue of over 1000 stars and improved 
the accuracy of their positioning by a factor of 10. 
To help him in his work, Tycho Brahe improved existing astronomical 
instruments such as the quadrant and the armillary sphere, or adapted 
others used for surveying, geometry or navigation to his needs, such as 
the compass and quadrants. 
On the basis of his observations, he designed his own world system 
which is a compromise between Greek geocentrism and Copernican 
heliocentrism. The earth is still immobile at the centre of the world. The 
sun circles around it followed by all the other planets which are orbiting 
it. In the absence of formal proof of the movement of the earth, Brahe’s 
geo-heliocentric vision competed with that of Copernicus for over two 
centuries.
Johannes Kepler, mathematician and mystic
Johannes Kepler
Born: in 1571 at Weil des Stadt, Wurtemberg, 
Holy Roman Empire, Germany, the son 
of a mercenary and of a mother who was 
subsequently accused of witchcraft.
Education: University of Tubingen (Greek, 
astronomy, mathematics, theology).
Professional life: Professor of Mathematics at 
protestant school, Graz. Assistant to Tycho 
Brahe in Prague. Imperial astronomer and 
mathematician to the Emperor Rodolphe II in 
Prague. 
Major works: Mysterium Cosmographicum 
(1596), Astronomia Nova (1609)
Died: 1630 at Ratisbonne (Electorate of 
Bavaria)
In searching for a mathematico-geometric explanation for the harmony 
of the world created by god, Johannes Kepler, a Lutheran, published 
Mysterium Cosmographium in 1595, the secrets of the cosmos, in which 
he described a universe composed of five nested fundamental polyhedra, 
each one containing the orbit of a planet. 
Pursuing his quest for the divine harmony of the world, Kepler went to 
meet Tycho Brahe in 1600 in Prague. Brahe was official astronomer to 
Rodolphe II at that time. Kepler asked him for his figures and calculations 
on the position of the planets. He thus became Brahe’s assistant who gave 
him the unenviable task of calculating the trajectory of Mars which had 
evaded all attempts at prediction until then. Kepler expected to find the 
solution in eight days. In the end, it took him eight years.
Kepler became Astronomer Royal when Brahe died suddenly in 1601 
and published his findings on Mars in 1609 in Astronomia Nova (New 
Astronomy). He showed that, according to geometrical rules, Mars and the 
other planets turn around the sun on an elliptical orbit with the sun at one 
focus. Following this conclusion, Kepler developed two other laws (the 
Law of equal areas and the Law of harmonies) which later helped Newton 
formulate his famous law of gravity in 1687. 
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Unlike distant stars which maintain their position relative to each other, 
planets move more erratically in the sky. Instead of moving forward in an 
orderly fashion, some of them seem to stop and go into reverse before 
continuing on.
For ancient astronomers who were trying to describe the trajectories 
in terms of circular and uniform movement, the retrograde motion of 
planets was a conundrum. By placing planetary orbits around the sun and 
not the earth, Nicholas Copernicus produced the first explanation. Mars 
retrogrades when the earth passes it, while Mercury and Venus reverse 
when they pass the earth … It was Kepler who finally found the solution by 
changing Copernicus’ circular orbits into elliptical orbits.
Interactive display :
- The retrograde movement of Mars
2nd part
The first heliocentric indications: 
Galileo’s observations
During the winter of 1609-1610, Galileo searched the sky with a 
new instrument: an astronomical telescope. He made a series of 
observations which he documented in a short treatise entitled 
Sidereus Nuncius (The starry messenger), which put into serious 
doubt the geocentric theory inherited from Aristotle and defended 
thereafter by the Church.
He showed that the surface of the moon, far from being smooth 
and perfect as you would expect of a celestial body, is cratered 
and rugged. He discovered that Jupiter has four satellites, 
suggesting that a planet other than earth could be the centre of 
the world. Finally, during 1610, he observed that Venus did not only 
appear in crescent form but that it could be full contrary to the 
predictions of geocentric theory. 
Galileo was an enthusiastic follower of Copernicus’ new 
astronomy. But in spite of his writings and his explanations he 
never managed to provide formal proof that the earth moves 
around the sun. 
7Galileo, the starry messenger
Galileo
Born: in 1564 in Pisa, son of a mathematician/
musician. The family moved to Florence when 
he was a baby.
Education: University of Pisa (mathematics), 
then Florence
Professional life: professor of Mathematics at 
the University of Pisa (1589-1592), then Padua 
(1592-1610). Chief mathematician and chief 
philosopher to the Grand Duke of Tuscany 
(1610). Inventor of the astronomical telescope 
and of the sector, or proportional, compass. 
Major works: Sidereus Nuncius (1610), Dialogo 
sopra i due massimi sistemi del mondo (1632)
Died: 1642 at Arcetri near Florence (under 
house arrest).
In the summer of 1609, Galileo Galilei offered the Venetian authorities 
a new instrument which he had recently acquired and which he had 
perfected: an optical telescope. His salary was doubled in recognition and 
his appointment as Chair at the University of Padua was extended for life. 
The following winter, Galileo observed the sky with his new instrument 
and made a series of discoveries and observations on the moon, the 
constellations and Jupiter’s satellites which were to overturn astronomy 
and seriously put in doubt the geocentric doctrine. He published his 
observations in spring 1610 in a short treatise called Sidereus Nuncius 
(Starry Messenger) illustrated with his own drawings. It was received with a 
great deal of interest by the scientific community. 
In 1632, Galileo again reiterated his disagreement with Copernican 
astronomy in a new work entitled Dialogo dei due massimi sistemi del 
mondo (Dialogue Concerning the Two Chief World Systems) in which he 
put forward detailed arguments in favour of heliocentrism. 
Printing the Discorsi (Discourses and Mathematical Demonstrations 
Relating to Two New Sciences) was not easy. Galileo received the 
Church’s permission to publish on the condition that he change the title 
and add a preface and conclusion which stressed the theoretical nature 
of the contents. Five months after it had appeared, it was withdrawn from 
circulation by the religious authorities. On 22 June 1633, Galileo was 
condemned to solemnly renounce it by the tribunal of the Inquisition at 
Rome. He was also consigned to house arrest at his home in Florence 
where he wrote his final work on mechanical sciences which was 
published in the Netherlands. 
Interactive displays :
- The relief of the moon
- Sun spots
- Jupiter’s satellites
- The phases of Venus
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Isaac Newton
Born: in 1643 at Woolsthorpe, Lincolnshire, 
England, shortly after the death of his father.
Education: Trinity College, University of 
Cambridge (arithmetic, geometry)
Professional life: Professor of Mathematics 
(Lucasian Chair), Cambridge in 1669
Warden of the Royal Mint (national money 
supply) where he tracked down counterfeiters. 
(1699). Invented the telescope.
Key works: Philosophiæ Naturalis Principia 
Mathematica (1687), Opticks (1704).
Died: 1727, Kensington, London.
In 1684, Isaac Newton published his 
celebrated work Mathematical Principles 
of Natural Philosophy, known as Principia, 
in which he showed mathematically the principal of universal gravitation. 
This states that all physical bodies attract each other, light and heavy alike. 
It is universal and is observed on earth and in space. It governs the fall of 
an apple and the elliptical paths of the planets. The ephemerides tables 
beloved of Copernicus’, Brahe and Kepler ceded their place, henceforth, 
to equations of celestial mechanics. 
3rd part
Heliocentrism: the age of proof
Although a convinced supporter of heliocentrism, Galileo never 
managed to formally prove that the earth moves, nor that it moves 
around the sun. In his time, telescopes were not powerful enough 
to detect parallax, that is, the apparent change of position of 
distant stars which results from a shift in the earth’s orbit around 
the sun. 
A first proof of heliocentrism was supplied by the English 
astronomer James Bradley at the beginning of the 18th century. 
Intrigued by the fact that the light from certain stars did not 
seem to match their position, he understood that this optical 
phenomenon, called the aberration of light, results from the 
movement of the earth combined with the speed of light. It was 
only in 1838, 200 years after Galileo, that the first measure of a 
stellar parallax was made.
Meanwhile, the English physicist Isaac Newton, had revealed his 
principal of universal gravitation which explained Kepler’s laws, and 
allowed the prediction, through mathematics, of the trajectory and 
position of all the celestial bodies in space. 
Proofs of the heliocentric model
The earth is round …. 
Since Antiquity, several arguments based on observation and common 
sense favour a round earth.
During a lunar eclipse, the earth projects a circular shadow on the moon.
On the earth, the sky looks different according to whether you look north 
or south. As the nights go by on a long voyage to the south, certain stars 
become lower on the horizon while others appear and gradually rise 
higher.
At sea, the horizon appears to be curved. As a ship moves away, its hull 
disappears before its masts. If the earth were flat, the boat would become 
smaller and smaller, but it would remain visible in its entirety. 
9… but flat at the poles
In the 18th century, two French survey expeditions in the area of the 
Equator and near the North Pole, experimentally confirmed Newton’s 
hypothesis about the shape of the earth. Our planet is not perfectly round 
but slightly flattened at the Poles, with a bulge at the Equator a result of 
the centrifugal effect of the earth’s rotation.
Flattening of the earth can be proved by another observation: the 
pendulum of a clock. At the Equator, we are considerably further from the 
centre of the earth than at the Poles. Gravity is thus slightly less. It is further 
reduced by the centrifugal effect of the earth’s rotational force (stronger at 
the Equator). Thus, a pendulum swings slower at the Equator than one of 
the same length at higher latitudes. From the end of the 17th century, it was 
observed that a pendulum of 994 mm in length marking the seconds in 
Paris (47°N), had to be shortened by 3 mm to oscillate at the same rate as 
one at Cayenne (5°N). 
The earth turns on itself
The rotation of the earth was demonstrated in 1851 by the French physicist 
Léon Foucault. He hung a lead ball of 27 kilos from the end of a string 
67 m long from the ceiling of the Pantheon in Paris for several hours. After 
some time, the plane of oscillation of the pendulum which was fixed, 
seemed to start turning in the direction of the hands of a watch. In reality, 
it was the earth beneath the pendulum which continued to turn ...
It is now established that the earth turns on itself at nearly 1700 km/hr at 
the Equator. The people who live in these regions do not feel any effects 
of the rotation because the speed is constant. The earth would have to 
break or accelerate suddenly for the rotation to be felt. 
A little like a carousel, the rotational force of the earth diminishes the 
closer one gets to the centre of the rotation. Thus a canon ball shot from 
the Equator towards the north will be slightly deviated to the east, as 
would a falling object. This phenomenon, known as the Coriolis effect, is 
also present in various natural events such as the direction of atmospheric 
depressions or deviation of the trade winds in the tropics. 
The earth turns around the sun
Our earth races along its orbit around the sun at over 100,000 km/hr and 
we feel no effects from this daily high-speed experience. As long as the 
earth moves at a constant speed, we cannot feel it on the earth. To prove 
that the earth moves, you must look for an apparent change of position of 
a fixed object in the sky, for example a distant star (in relation to another 
star). The first measurements of this kind were made in the 19th century. 
A century earlier, an English astronomer discovered that, because of the 
speed of the movement of the earth, the light from certain stars reaches 
us from a slightly different direction than expected, a little like rain which 
seems to be slanted, rather than vertical, as it hits us when we are moving.
For a better understanding of the solar system:
The size of the earth 
In the 3rd century BC in Egypt, the Greek scholar Eratosthenes noted that 
on 21 June (the summer solstice), the sun lit the bottom of a well at Syene 
(today’s Aswan), a city in the south of the country lying on the Tropic of 
Cancer. On the same day at the same hour, Eratosthenes observed a 
shadow at the foot of an obelisk in Alexandria which is further north on 
the Mediterranean coast. He measured the length of the shadow and the 
height of the obelisk, and obtained the angle with the vertical which was 
formed by the sun’s rays (which he thought would arrive parallel to the 
earth). The angle was 7.2° which corresponds to the difference in latitude 
between Alexandria and Syene. 
Knowing the distance between the two towns, equivalent to the angular 
distance of 7.2° (about 1/50 of 360°) Eratosthenes applied a simple rule of 
three to find the circumference of the earth at the Equator: 39,250 km and 
its diameter: 12,650 km. This is remarkable if we look at the actual numbers 
of 40,075km for the circumference and 12,756km for the diameter of the 
earth. 
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The distance between the earth and the sun
Today we can measure the distance with radar and space probes, it is 
149 597 870.700±0.003 km, also called the astronomical unit (au). It is 
used to measure the distances between celestial bodies within and outside 
the solar system. The first accurate measures of this distance were made 
in the 18th century by the French astronomers Cassini and Richter during 
a specific alignment between Mars, the earth and the sun. Subsequently, 
several campaigns to measure and refine the distance were carried out in 
the 18th and 19th centuries, based on the passage of Venus in front of the 
sun 
The discovery of Neptune or the triumph of celestial mechanics
Intrigued by the irregularities of the path of Uranus, the French astronomer 
Urbain le Verrier, an expert in celestial mechanics, suggested that another 
spatial body could be the cause of these anomalies. In 1846 after two 
years of work, he managed to predict through mathematics, the position 
of this new body. 
By pointing his telescope in the direction recommended, the German 
Gottfried Halle confirmed Le Verrier’s theory a few months later by 
observing Neptune, the eighth planet in our solar system. 
Interactive display :
- The planetary
On the way to Exoplanets 
The Earth & Sun exhibition has explored the change from a 
universe centred on the earth to a dynamic system of planets 
orbiting around the sun. 
Continue the journey beyond our solar system to the discovery of 
other planets, the exoplanets. The first was discovered in 1995 by 
Michel Mayor and Didier Queloz, while they were working for the 
University of Geneva observatory. 
Exoplanets: an exhibition at the Muséum d’histoire naturelle de 
Genève (Museum of Natural History) until 4 April 2016. 
